An antigen common to Vibrio vulnificus strains, designated VVA, was purified by ammonium sulfate precipitation, gel filtration, ion-exchange column chromatography, and preparative gel electrophoresis. The molecular weight of VVA was 64,000 when estimated by gel filtration and 40,000 when measured by denaturing polyacrylamide gel electrophoresis. Antiserum prepared against purified VVA (anti-VVA serum) did not agglutinate whole cells of V. vulnificus. Therefore, VVA was considered a possible internal antigen. By using anti-VVA serum, a microimmunodiffusion method was designed to detect the antigen VVA in bacterial cell lysates prepared from a single colony. This simple method allowed the specific identification of V. vulnificus as soon as 10 h after antigen preparation and therefore can be a useful tool in the identification of V. vulnificus from environmental or clinical specimens. VVA was not detected as a line of complete identity in some 20 other Vibrio species or in 7 other bacterial genera. VVA was present in all 63 isolates of V. vulnificus obtained from clinical and nonclinical sources.
In an accompanying paper (11) , we demonstrated the presence of a group antigen present in sonicated cells of Vibrio vulnificus (designated VVA) and indicated the possibility of developing an identification procedure for serotypes by using VVA. VVA formed a very distinct precipitation line in Ouchterlony immunodiffusion plates. Antiserum, however, was prepared against sonicated whole cells, and thus precipitation lines due to other antigens could cause problems in reading the results.
To avoid such problems, in this study VVA was purified from sonicated whole cells, and specific antiserum was prepared. The specificity of this antiserum for detecting V. vulnificus was evaluated with a microimmunodiffusion method. It appears that the antigen is unique to this Vibrio species.
MATERIALS AND METHODS Bacterial strains. Bacterial strains used in this study are listed in Table 1 .
Purification of VVA. VVA was purified from strain 80-02-125 of V. vulnificus (hereinafter called V4). The organism was grown as described previously (11) and washed in formalinized phosphate-buffered saline (PBS) (0.01 M sodium phosphate [pH 7.2], 0.74% NaCI, 0.3% Formalin). A bacterial cell suspension (42 g of cells [wet weight] in 210 ml of formalinized PBS) was disrupted by ultrasonication. The supernatant was obtained from the sonicated cells by centrifugation (14,000 x g for 100 min) at 4°C and brought to 50% saturation with ammonium sulfate. The precipitate was removed by centrifugation (13,000 x g for 60 min) at 4°C. The supernatant was raised to 70% saturation with ammonium sulfate and centrifuged (14,000 x g for 60 min). The pellet was dissolved in 20 ml of formalinized PBS and dialyzed against the same buffer at 4°C. Precipitate which appeared in the dialysis bag was removed by centrifugation (13,000 x g for 20 min), and the supernatant was concentrated by ultrafiltration on a YM-30 membrane (Amicon Corp., Lexington, Mass.) to 5 ml. This antigen preparation was designated crude VVA.
Chromatography was performed at 4°C, and fractions from the columns were assayed by rocket immunoelectrophoresis (methods described below). The crude VVA preparation was loaded onto a Sephadex G-100 (Pharmacia Fine Chemicals, Inc., Piscataway, N.J.) column (2.5 by 60 cm) equilibrated with formalinized PBS buffer. Eluted fractions containing high concentrations of VVA were pooled, dialyzed against 0.02 M Tris-hydrochloride buffer (pH 7.2; 0.05 M NaCl), and concentrated to 7 ml by ultrafiltration. The sample preparation was applied to a DEAE-cellulose (DE52; Whatman) column (1.5 by 33 cm) equilibrated with 0.02 M Tris-hydrochloride buffer (pH 7.2; 0.05 M NaCl). VVA was eluted with a 0.05 to 0.25 M NaCl linear gradient. Chloride concentration in the fractions was determined by the argentometric method (12) . One 5-ml fraction that had the highest concentration of VVA was dialyzed against 0.1 M Tris-hydrochloride buffer (pH 6.8) and purified by preparative gel electrophoresis.
Preparative gel electrophoresis. Polyacrylamide gel electrophoresis (PAGE), with a final acrylamide concentration of 7.5%, was carried out under nondenaturing conditions basically as described below with a vertical water-jacketed slab gel (18.5 by 7 by 0.4 cm) electrophoresis unit. The 5-ml sample (0.3 mg of protein per ml) with 0.002% bromphenol blue (Fisher Scientific Co., Pittsburgh, Pa.) and 10% glycerol (Sigma Chemical Co., St. Louis, Mo.) was overlaid throughout the top of the stacking gel. Current was applied at 150 V for 2 h, with the gel being continuously cooled by circulating cold water (4°C). Immediately after electrophoresis, the gel was transferred to a cold room (5°C) in which all subsequent work was performed. Two horizontal gel strips were cut with Rf values (Rf = distance migrated by proteins distance migrated by dye) as a guide (0.57 to 0.62, 0.62 to 0.67). Each gel strip was macerated by homogenization, PAGE. Nondenaturing PAGE was performed with the high-pH discontinuous buffer system of Davis (5) . Sodium dodecyl sulfate (SDS)-PAGE was carried out with essentially the same buffer system, except that the gels and reservoir buffer contained 0.1% SDS (Fisher). Before SDS-PAGE, the antigen samples were boiled for 3 min in the buffer containing SDS (final concentration, 1.8%) and 2-mercaptoethanol (final concentration, 4.2%). Bands in the gel were made visible with the silver stain of Allen (1).
Rocket immunoelectrophoresis. To 4.6 ml of melted 0.8% agarose gel prepared in Veronal buffer (50°C), 0.025 ml of anti-V4 serum (see below) was mixed and poured onto a glass plate (50 by 50 by 2 mm) and allowed to solidify. Up to 10 wells (3 mm in diameter) were cut on each plate, and 6 Fil of sample was placed in each well and electrophoresed at 0.5 V/cm for 20 h at room temperature. The gel was incubated overnight at 4°C, and the heights of the precipitin peaks were measured. Samples to be assayed were appropriately diluted so that the height of the precipitation lines were within the range of 3.0 to 17.5 mm, where there was a linear relationship between the relative concentration of samples and the height of the precipitation line. One millimeter in height was defined as 1 antigen unit.
Protein concentration. Protein concentrations were determined by the method of Bradford (3) as refined by Spector (16) . The test reagent and bovine gamma globulin standard were from Bio-Rad Laboratories, Richmond, Calif. Both were used according to the directions of the manufacturer.
MW estimation. The molecular weight (MW) of native VVA was estimated by gel filtration. A Sephadex G-100 column (0.8 by 60 cm) was calibrated with bovine albumin (éssèntially fatty acid free; Sigma), ovalbumin (grade V; Sigma), txchymotrypsinogen A (type Il; Sigma), and RNase A (type III-A; Sigma) prepared in formalinized PBS buffer as MW standards. The eluted MW standards were detected by measuring the A280 of the column fractions. The position of VVA in the fractions was determined by rocket immunoelectrophoresis. A calibration curve was obtained by plotting log MW versus partition coefficient of the protein standards (4) .
The MW of the antigen under denaturing conditions was determined by SDS-PAGE by using a gel with a final acrylamide concentration of i0%. A mixture of MW markers (Dalton Mark VI) was purchased from Sigma.
Antisera. Antiserum to sonicated whole cells of V4 (anti-V4 serum) was prepared as described previously (11) . Antiserum to putified VVA was prepared as follows. A rabbit was immunized by injecting macerated polyacrylamide gel containing VVA (estimated total protein, 0.27 mg) with Freund complete adjuvant into the interscapular muscles. Two weeks after the initial injection, eluted VVA from polyacrylamide gel (total protein, 0.04 mg) in 0.1 M Tris-hydrochloride buffer (pH 6.8) was injected with Freund incomplete adjuvant as a booster at the same site. Two weeks after the booster, the animal was bled, and the serum was obtained.
Ouchterlony immunodiffusion analysis. The Ouchterlony immunodiffusion test was performed 'as described previously (11) .
Microimmunodiffusion test. The Ouchterlony immunodiffusion test to detect VVA in lysed bacterial cells was done on a microscope slide. An agarose (0.8%) gel was prepared with PBS (0.01 M sodium phosphate [pH 7.2], 0.74% NaCl) containing 0.01% thimerosal (Sigma) on a microscope slide, and wells (3 mm in diameter) were cut with a Gel Punch (Gelman Instrument Co., Ann Arbor, Mich.). Most test organisms were grown on tryptic soy agar (Difco Laboratories, Detroit, Mich.) supplemented with 0.5% NaCl at 370C for 20 to 30 h. Strains of V. ordalii and V. nigripulchritudo were grown on brain heart infusion agar (Difco) supplemented with 1% NaCI and 0.02% MgCI2 at room temperature. Growth from a single large colony (ca. 3 mm in diameter) was suspended in 20 ulof distilled water. About 5 ,ul of this antigen was used to fill one of the surrounding wells, and ca. 5 ,ul of anti-VVA serum was put into the center well. A reference strain V4, from which VVA was purified, was always included in the test as an antigen standard. The test agar side was incubated at room temperature in a moist chamber, and the results were read periodically for 24 h.
RESULTS AND DISCUSSION Purification of VVA. As reported previously (11), when sonicated whole-cell antigens of V4 were reacted with anti-V4 serum, VVA formed a most distinct precipitation line in gel diffusion tests. Accordingly, if anti-V4 serum was appropriately diluted, a precipitation reaction with only VVA was detected. When the concentrated ammonium sulfate precipitate was separated by Sephadex G-100 column chromatography, the highest concentration of VVA was contained in the second peak of eluted proteins (Fig. 1) . Fractions 29 to 37 were pooled, concentrated by ultrafiltration, and applied to a column containing DEAE-cellulose (DE52). In DE52 column chromatography, two very closely eluted protein peaks were observed. Maximum VVA activity was found in the first peak (Fig. 2) . When fraction 11, which had the highest concentration of antigen, was subjected to PAGE under nondenaturing conditions, three closely migrating major protein bands were visualized by silver stain (Fig. 3B) .
Before further purification, two-dimensional electrophoresis was performed (PAGE in the first dimension; agarose gel immunoelectrophoresis in the second dimension) to determine which of the three protein bands corresponded to VVA. As a result of three independent trials, the peak of the precipitation line (Fig. 3A) was found to coincide most closely with the positions of the second and third major protein bands (Fig. 3B) . Rf values for the precipitation line and the second and third protein bands were 0.62 + 0.03, 0.60 ± 0.01, and 0.64 + 0.01, respectively. An attempt was then made to isolate the second and third protein bands by preparative gel electrophoresis, using a nondenaturing gel. Slices A and B were removed from the gel with Rf values as a guide (A represents the second protein band; B represents the third protein band), and the proteins were eluted by diffusion into 0.1 M Tris-hydrochloride buffer (pH 6.8) (recovery of protein, 12.7%). When eluted materials were examined by PAGE under nondenaturing conditions, the preparation from slice A showed a single protein band, but the preparation from slice B was still contaminated with a very small amount of the other protein band. Nevertheless, when the protein concentration was adjusted to the same level (0.003 mg/ml), the concentration of the VVA in these two preparations was not very different as determined by rocket immunoelectrophoresis (5.8 and 7.9 U for preparations A and B, respectively). In addition, when thesé preparations were electrophoresed under denaturing conditions (SDS-PAGE), they showed an identical protein band, although preparation B showed a very minor contaminating protein band (data not shown). It was concluded that the proteins corresponding to the second and third band (Fig. 3B) conditions (Fig. 3B ). This may be why they formed a single peak of precipitation rather than two continuous peaks in the second dimension of polyacrylamide-agarose gel two-dimensional immunoelectrophoresis (Fig. 3A) . Since preparation B still had contaminating protein, preparation A was designated purified VVA and used for specific antiserum production.
MW of VVA. The estimated MW of purified VVA was 40,000 based on SDS-PAGE (data not shown). The MW of the native antigen was estimated at 64,000 by gel filtration of crude VVA on a calibrated Sephadex G-100 column (data not shown). It is difficult, however, to speculate whether antigen VVA consists of single or two subunits from the results obtained because of the magnitude of the MW discrepancy obtained from the two techniques.
Antiserum to VVA. After purification of the antigen by preparative gel electrophoresis, gel slice A and the material eluted from gel slice A (purified VVA) were used to immunize a rabbit for the production of anti-VVA serum. In Ouchterlony immunodiffusion plates, anti-VVA serum formed a single, visible precipitation line with purified VVA (data not shown).
When anti-VVA serum was used for rapid slide agglutination tests with Formalin-fixed and subsequently washed whole-cell antigens of strain V4, no agglutination was observed. This may indicate that VVA is not present on the cell surface but rather is an internal antigen made available for precipitation tests by destruction of cells.
Microimmunodiffusion test. A microimmunodiffusion test was designed which allows convenient and rapid identification of V. vulnificus by detecting VVA in lysed whole-cell suspensions. Vibrio cells usually autolyze and release internal substances in distilled water because they require salts to maintain cellular integrity. To take advantage of this characteristic, antigen was prepared by suspending cells from a colony in distilled water. Results are summarized in Table 1 , and examples of reactions in microimmunodiffusion plates are illustrated in Fig. 4 strain NMRI 1. The origins of these strains are described in a previous paper (11) .
